An approxim ate self-consistent field for m ethane has been obtained by first averaging th e pro to n distribution over all orientations so as to obtain a spherically sym m etrical field due to all th e nuclei. The eight-electron problem th e n presented was solved by th e usual self-consistent field m ethod w ithout exchange. R apid con vergence to self-consistency was found by using as initial approxim ations the charge distributions given b y Coulson for th e tw o-quantum orbitals of th e tetrah ed ral system , averaged over all orientations.
In a previous paper it has been shown, from a study of the spectrum of the carbon monoxide flame, that the molecules of C02 formed by the combustion are initially in a highly excited state of internal vibration. An attempt is made here to derive approximate values for the lifetimes of these vibrationally activated molecules.
The orders of magnitude of the radiative lifetime for the three types of vibration are derived. From data obtained from supersonic dispersion in C02 the relaxation times, or collision lifetimes, are discussed with especial emphasis on the effect of moisture on the collision life of the activated molecules. A section is also devoted to the possibility of the close resonance between the vibrations v± and v2 of C02 resulting in a high percentage of dissociation after the combustion of the dry gas.
The results give a good interpretation of the experiments of Garner and colleagues on the marked effect of moisture and other catalysts on the infra-red emission of the flame, and the general failure to observe a strong emission band at 14*9/4. The results o f th e th eo ry go far tow ards explaining th e la te n t energy o f th e com bustion observed b y D avid an d colleagues.
T he lifetim e o f th e activated, m olecules is calcu lated to be n o t m ore th a n a few te n th s of a second, b u t dissociation an d recom bination processes m ig h t lengthen th is tim e. F o r m oist gases th e lifetim e will be very m uch less, an d th e infra-red rad iatio n from th e flame a n d th e la te n t energy of th e pro d u cts should sim ilarly be m uch reduced, in agreem ent w ith experim ent. T he v ib ratio n ally activ a te d molecules are to be regarded as essentially norm al molecules o f C 0 2 in w hich th e vib ratio n al energy has n o t h a d tim e to reach e q u ip artitio n w ith th e energy in o th er degrees of freed o m ; spectroscopically th ere is no evidence to show th a t th e y are electronically excited or peculiar in a n y o th e r w ay.
E xperim en ts on th e absorp tio n spectrum of a long length o f bu rn in g gas show strong absorp tio n due to h o t oxygen, th is being p artic u larly m ark ed w hen th e gases are dry. T his is in te rp rete d as being due to tran sfer of th e v ib ratio n al energy from th e C 0 2 to th e Oa molecules, th e ab sorption spectrum o f w hich is th ereb y sh ifted to longer w ave-lengths. The arran g em en t of th e long axis of th e long-chain organic molecules is revealed by electron diffraction p a tte rn s of inclined specimens. The side spacings are estim ated by a superim posed p a tte rn o f kaolin w hich has a know n 's ta n d a rd ' stru c tu re an d lattice constants. A 3 cm. vacuum valve was designed to isolate th e ap p a ra tu s from th e oil-diffusion pum ps. A non-dim ensional num ber, specified in term s o f th e in ten sity an d scale of turbulence, th e boundary-layer thickness, an d th e m ean velocity ju s t outside th e layer, is found to be representative of th e conditions of flow in th e b o u ndary layer of a body in a tu rb u le n t stre a m : and values of th is num ber a t tran sitio n obtained from observations m ade for a body of revolution have th e sam e order o f m agnitude as those calculated for a flat p late from m easurem ents ta k e n b y H all an d Hislop.
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T ransition in a region of falling velocity in a stead y stream arises from a separation of th e lg.nrnnn.r boundary layer from th e su rface; and after separation, th e flow in th e layer becomes tu rb u le n t an d th e n rejoins th e surface. The observed position o f tran sitio n is near th e position of separation given b y a solution of th e m om entum equation for lam inar flow an d for th e observed d istribution of velocity ju st outside th e layer.
Flow disturbances from a surface wire placed in a lam inar bou n d ary layer cause fully-developed tu rb u le n t flow to be established a t th e wire w hen 400, w here d is th e wire diam eter, u2 is th e velocity in th e lam inar layer a t a distance d from th e surface, and v is th e kinem atic viscosity.
The m easured m axim um value of th e dow nstream com ponent o f tu rb u le n t velocity in th e stream behind a grid is a b o u t 3-3 tim es th e root-m ean-square value. The purpose of th is pap er is to give th e com plete classical th eo ry of a spinning particle m oving in a Maxwell field. T he particle is assum ed to be a point, an d its interaction w ith th e field is described by a p o in t charge g1 an d a p o in t dipole g2. The Maxwell equations are assum ed to hold rig h t u p to th e po in t representing th e particle. E x a c t equations are th e n derived for th e m otion of th e particle in a given ex ternal field which are strictly consistent w ith th e conservation of energy, m om entum a n d angular m om entum , an d hence contain th e effects o f rad iatio n reaction on th e m otion of th e particle. T he m ass, th e angular m om entum of the' spin, etc., ap pear in th e equations as a rb itra ry m echanical constants. I t is shown th a t in th e presence o f a p o in t dipole th e energy tensor of th e field can and m u st be redefined so as to m ake th e to ta l field energy finite. I n th e general th eory there is no relation betw een th e electric an d m agnetic dipole m om ents of th e particle an d th e s ta te of its tran slatio n al m otion. A procedure is given for deriving from th e general equations specialized equations consistent w ith th e condition th a t th e dipole is alw ays a purely m agnetic or electric one in th e system in w hich th e particle is instantaneously a t rest. T he rad iatio n reaction term s are very m uch sim pler in either of these specialized cases th a n in th e general case. The effect of rad iation reaction is to m ake th e scatterin g of light by a ro tatin g dipole decrease inversely as th e square of th e frequency for high frequencies ju st as for scattering b y a po in t charge. 
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A n exact classical th eo ry o f th e m otion of a p o in t dipole in a m eson field is given which takes into account th e effects o f th e reaction of th e em itted meson field. The m eson field is characterized b y a co n stan t x = p fo °f th e dimensions of a reciprocal length, [i being th e m eson m ass, an d as ^-> 0 th e th eo ry of this paper goes over con tinuously into th e th eo ry of th e preceding p aper for th e m otion of a spinning particle in a Maxwell field. T he m ass o f th e particle an d th e spin angular m om entum are a rb itra ry m echanical constants. The field contributes a sm all finite addition to th e mass, an d a negative m om ent of in ertia ab o u t an axis perpendicular to th e spin axis.
A cross-section (form ula 88a) is given for th e scattering of transversely polarized n eu tral mesons by th e ro ta tio n of th e spin of th e n eu tron or proton which should be valid up to energies of 109 eV. F o r low energies E it agrees com pletely w ith th e old qu an tu m m echanical cross-section, having th e sam e dependence on energy p ro portional to p*/E2 (p being th e m eson m om entum ). A t higher energies it deviates com pletely from th e q u an tu m m echanical cross-section, which it supersedes by tak in g into account th e effects of rad iatio n reaction on th e ro tatio n of th e spin. The q u an tu m theory of th e interaction of neutrons w ith mesons goes wrong for E > 3/i. The crosssection is a m axim um a t E its value a t th is point being 3 x 10~26 cm .2, after which it decreases rapidly, becoming proportional to E~2 a t high energies. The scattering of longitudinally polarized mesons is due to th e translational b u t n o t th e rotational m otion of th e dipole an d is a t least tw en ty thousand tim es smaller.
W ith th e assum ption previously m ade b y th e present au th o r th a t the heavy particles m ay exist in states of an y integral charge, and in p articular th a t protons of charges 2e an d -e m ay occur in n atu re, th e above results can be applied to charged mesons. Thus transversely polarized mesons should undergo a very big scattering and consequent absorption a t energies near 3*5fi. H ence th e energy spectrum of mesons should fall off rapidly for energies below ab o u t 3fi, as is observed. Scattering plays a relatively u n im p o rtan t p a rt in th e absorption of longitudinally polarized mesons, and they are therefore m uch m ore penetrating. M easurements have been m ade on th e stress-strain relationship for the atom ic lattice of iron (purity 99*95%). The changes in dimensions of the atom ic lattice of tensile specimens have been determ ined in th e direction perpendicular to the applied stress and com pared w ith th e contraction in external dimensions which occurs in the same direction. I t has been shown th a t the lattice stress-strain curve, obtained by plotting th e lateral change in lattice spacing against the tensile stress, exhibits three m ain characteristics. U p to th e external yield point, the lattice contraction is directly proportional to th e applied stress. Beyond th e yield point, the lattice contraction slows down, as th e stress increases. Finally, a t still higher stresses, the lattice tends
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Abstracts of Papers to expand. A fu rth e r set o f experim ents, in w hich cycles of stress are em ployed, show th a t w hen a stress g reater th a n th e yield stress is applied a n d th e n rem oved from a specim en, th e lattice is left w ith a p erm an en t expansion w hich depends in a regular m an n er upon th e value o f th e stress applied. I t is concluded th a t beyond th e ex tern al yield p oint, th e iron la ttic e undergoes tw o d istin ct m odifications. F irst, th e lattic e spacing tends to co n tract elastically, in conform ity w ith th e ex tern al elastic c o n tra c tio n exhibited b y th e specim en in th e sam e direction (perpendicular to th e applied stress). Second, th e lattice ten d s to deform in a m an n er w hich leads to a superposed expansion of la ttic e spacing. The actu al change of spacing a t a p a rtic u la r stress is th e n th e re su lta n t of th e tw o effects; a process w hich explains th e u n expected shape o f th e lattice stress-strain curve, an d affords system atic inform ation on th e problem of in tern al strain s in m etals. F u rth e r experim ents indicate th a t th e p e rm an en t e x p a n sion o f th e lattice a fte r loading occurs n o t only in th e direction p erp endicular to th e applied stress, b u t also in th e direction o f th e stress; th e p erm an en t la ttice defo rm a tio n th u s represents a decrease in d en sity o f th e te s t specim en. F in ally , th e resu lts of som e experim ents are recorded on th e effect of tem p eratu re on th e lattic e expansion effect, a n d it is show n th a t recovery o f th e lattice can be produced b y m ild h e a t tre a tm e n t a t a tem p eratu re m uch lower th a n th a t required to renew th e p roperties of th e m etal b y recrystallization. T he accepted th eo ry o f percolation o f fluids th ro u g h porous m aterials (which is based on D arcy 's law o f resistance) indicates th a t th e velocities can be calculated from a velocity po ten tial w hich, in tw o-dim ensional m otion, is plane harm onic w ith in th e fluid field. The associated stream function, a n d th e fluid pressure, are also plane harm onic, so in cases w here all boundaries are know n th e ir d eterm in atio n is an ord in ary problem in plane-p o ten tial theory. B u t in cases w here a free surface exists (as in th e percolation o f w ater th ro u g h e a rth dam s), its shape is n o t know n a priori, consequently orthodox m ethods can n o t be applied.
Relaxation m ethods
H ere th e relax atio n m eth o d developed in earlier papers is show n to be applicable w ith o u t special assum ption, a n d to yield results of m ore th a n sufficient accuracy. T he m ethods of dealing w ith liquids developed in preceding papers are applied to th e calculation of th e d istrib u tio n of ato m s in liquids an d dense gases. I t is show n t hat w hen th e m otion of th e atom s resem bles th a t of linear oscillators th is d istrib u tio n function tak es a p articu larly sim ple form . The th eoretical form ulae are com pared w ith recent experim ental results for potassium .
T he inverse problem of d eterm ining interm olecular forces from know n d istrib u tio n functions is considered a n d a m a th em atical m eth o d o f deriving th is inform ation is given. E xperim en ts are m ade on th e com pressibilities o f solid w-paraffins. T he la ttice deform ations due to pressure are m easured w ith th e aid o f X -rays, th e pressures ranging betw een 700 an d 1500 atm ospheres. I t is found th a t th e linear com pressibili ties in a plane norm al to th e chain axes are o f th e order o f 3 to 12 x 10-12 cm .2/dyne. The com pressibility in th e direction of th e chain is less th a n 3 x 10-13 cm .2/dyne. N um erical estim ates show th a t th e repulsive forces betw een paraffin chains have th eir origin essentially in th e hydrogen shells th a t su rround th e carbon chain. The forces are of th e sam e order as those existing betw een helium atom s. The following results have been o b tain ed : (i) th e range o f th e fission fragm ents from bo th u ranium an d tho riu m is a b o u t 2-3 cm. in a ir; (ii) th e decay curve agrees in scale an d shape w ith th a t w hich would be expected from a com plex m ix tu re of radioactive bodies; (iii) th e active deposit h as been exam ined for emission of /5-rays, positrons, y -an d X -rays, a-particles a n d n eu tro n s; th e radiations are found to bear a general sim ilarity to those resulting from neutron-induced fission; (iv) some o f the radioactive bodies have been isolated b y chem ical m ethods; some correspondence w ith th e products of neutron-induced fission is show n; (v) th e ratio o f th e fission cross-sections for 9 MeV deuterons an d (Li + D) n eutrons has been m easured; (vi) th e excitation function has been studied. 
Further investigations
